and Nelson & Troll (1961) found that 2-acetamidofluorene and benzidine are metabolized by N-hydroxylation; Booth & Boyland (1964) and Uehleke (1963) showed that these oxidations proceed in the presence of rabbit-liver microsomes. As arylhydroxylamines are intermediates in the metabolism of arylamines, it seemed possible that similar processes might be involved in the oxidation of kynurenine and anthranilic acid, which are known metabolites of tryptophan (Dalgliesh, 1951; Charconnet-Harding, Dalgliesh & Neuberger, 1953) . If this occurs the products would be 2-hydroxylaminokynurenine (I) and 2-hydroxylaminobenzoic acid (II) respectively, and these might, by analogy with other arylhydroxylamines, be carcinogenic. There are indications that some metabolic products of tryptophan can induce bladder cancer (Allen, Boyland, Dukes, Horning & Watson, 1957) , and Ehrhart, Georgii & Stanislowski (1959) have shown that 3-hydroxyanthranilic acid induced leukaemia in mice of the RFH strain.
If anthranilic acid were to undergo N-hydroxylation in vivo the product would be 2-hydroxylaminobenzoic acid (II). Consequently the metabolic fate of these acids and tryptophan was studied in rats and rabbits. Attempts to prepare the hydroxylamines corresponding to kynurenine and o-aminoacetophenone were unsuccessful, as compounds with carbonyl groups in the ortho-position to the hydroxylamino group cyclize extremely readily. Thus o-nitrobenzaldehyde (Bamberger & Elger, 1906) and o-nitroacetophenone (Bamberger & Elger, 1903) give, on reduction, anthranil and C-methylanthranil respectively. EXPERIMENTAL Animal8. Animals were kept in cages designed for the separate collection of urine and faeces. Urine Paper chromatography. Whatman no. 1 chromatography paper (unless otherwise stated) was employed for descending development in the following solvent systems: (a) butan-1-ol-propan-1-ol-aq. 2N-NH3 (2:1:1, by vol.); (b) pentan-lol-pyridine-water (7:7:6, by vol.); (c) methanol-butan-lol-benzene-water (2: 1: 1: 1, by vol.); (d) butan-l-ol-acetic acid-water (12:3:5, by vol.); (e) butan-l-ol-propan-l-olwater (2: 1: 1, by vol.); (f) chloroform-methanol-acetic acid (17:2: 1, by vol.).
Thin-layer chromatography. Glass plates coated with silica gel were used and developed in solvent system (g): chloroform-methanol-aq. 10 % NH3 (9: 8: 1, by vol.).
Detection reagent8. The following reagents were used: (1) p-dimethylaminocinnamaldehyde (2 g. in 100 ml. of 6N-HCl and 100 ml. of ethanol) (Harley-Mason & Archer, 1958) ; (2) p-dimethylaminobenzaldehyde (05%, w/v) in ethanol containing 1% (v/v) of conc. HCI; (3) sodium amminoprusside (0-5 %); (4) ammoniacal silver nitrate.
A Chromatolite lamp (Hanovia Ltd.) was the source of ultraviolet light.
Extraction of metabolites. The pooled urine was acidified to pH 4-0 with acetic acid. The metabolites were adsorbed from the urine on 'activated' charcoal, which was filtered off, washed with water and stirred with methanol containing 5% (v/v) Benzisoxazolone was prepared from 2-hydroxylaminobenzoic acid (Bamberger & Pyman, 1909 (Dalgliesh, 1952 
RESULTS

Metabolism of 2-hydroxylaminobenzoic acid
Rat. The urine extract of rats dosed with 2-hydroxylaminobenzoic acid was applied to a sheet of Whatman no. 3 MM paper and developed in solvent system (a). The paper was dried in a current of air and the fluorescent regions were cut and eluted with aqueous ethanol. Four distinct stronglyfluorescent bands, designated 1, 2, 3 and 4, and two faint fluorescent bands, designated A and B, were marked and cut out; band A had the lowest R. and band 4 the highest RF.
When the eluate from band A was chromatographed in solvent system (b) it gave two main spots. The lower one (R. 0-85) gave a greenish fluorescence in ultraviolet light and was identical with that of benzisoxazolone. It gave a blue colour when sprayed with reagent (1), and a reddish orange colour with reagent (2). This material and authentic benzisoxazolone had RF 0-84 in solvent system (f ).
The upper spot in solvent (b) (RF 0-3) gave a blue fluorescence in ultraviolet light, a pink colour with reagent (1) and a yellow colour with reagent (2). The eluate from band A was applied to Whatman no. 3 MM chromatography paper and developed in solvent system (b), and the fluorescent band corresponding to R. 0-3 was cut out and eluted with aqueous ethanol. The eluate from this band gave a positive Tollens reaction for glucuronic acid, and on hydrolysis in N-hydrochloric acid for 30 min. on a steam bath or by fl-glucuronidase it gave a strong fluorescent spot identical with that given by anthranilic acid chromatographed under the same conditions. It had the same RF in solvent METABOLISM OF HYDROXYLAMINOBENZOIC ACID system (b) (0.3) as anthranilic acid N-glucosiduronidate prepared by treating neutralized anthranilic acid with sodium glucuronate in aqueous solution.
The eluate from band B reduced reagent (4), gave a purple colour with reagent (3) (the characteristic colour given by free 2-hydroxylaminobenzoic acid; Boyland & Nery, 1962) Band 2 had a bluish fluorescence in ultraviolet light and gave a pink colour with reagent (1) and a yellow colour with reagent (2). After hydrolysis of the eluate of band 2 with hydrobromic acid on a steam bath for 4 hr., the residue was dissolved in aqueous methanol and chromatographed on thinlayer plates with solvent system (g): it gave two spots, one with a low R1 which was ninhydrinpositive and indistinguishable from that of anthranilic acid. When the eluate from band 2 was chromatographed in solvent systems (b) and (d), it gave in each case a spot identical with that of an authentic sample of o-aminohippuric acid, having RF0.5 in the first solvent system and RF 0 76 in the second.
Band 3, which was present in large amounts, was shown to be anthranilic acid.
The eluate from band 4 gave a bluish fluorescence in ultraviolet light, a pinkish colour with reagent (1) and a yellow colour with reagent (2). Small quantities of other fluorescent substances were also observed. Some of these showed fluorescences compatible with either anthranilic acid N-sulphonate or N-acetylanthranilic acid. There were no appreciable quantities of 3-or 5-hydroxyanthranilic acid derivatives or of N-acetylbenzisoxazolone. Hydrolysis of the urine with ,-glucuronidase or Taka-diastase after removal of free 2-hydroxylaminobenzoic acid has, by continuous ether extraction, not yielded any substances that reduce reagent (4) or gave the purple colour -with reagent (3).
Rabbit. The urine collected from one rabbit receiving intraperitoneal injections of 2-hydroxylaminobenzoic acid was treated in the same way as that described for rat urine. Elution of paper strips cut off in the appropriate regions showed the same metabolites as those identified in rat urine except that no free 2-hydroxylaminobenzoic acid could be detected in the rabbit urine.
Anthranilic acid metabolism
When anthranilic acid was administered to rats and rabbits the main metabolites detected in the urine were those described by Charconnet-Harding et al. (1953) . Small quantities ofN-acetylanthranilic acid [Rp 0 66 in solvent system (a)] were detected in the urine. There was no 2-hydroxylaminobenzoic acid, benzisoxazolone or its N-acetyl derivative, although the tests would have detected quantities greater than 50,ug. of each compound. Hydrolysis of the urine with fl-glucuronidase or Taka-diastase did not give free 2-hydroxylaminobenzoic acid or its N-acetyl derivative (as detected by ferric chloride spray).
Tryptophan metaboli8m
On feeding tryptophan to rats and rabbits (5 % mixed with the diet), the urines did not give any spots identical with 2-hydroxylaminobenzoic acid or its N-acetyl derivative or their glucuronic acid or sulphate conjugates.
Continuous extraction of the urine with ether, evaporation of the ethereal extract and chromatography of the residue did not reve%l any spots identical with benzisoxazolone, its N-acetyl derivative or C-methylanthranil. DISCUSSION 2-Hydroxylaminobenzoic acid is excreted mainly as a,nthranilic acid and its conjugates. In rats, however, 0-2-0-4 % of the administered dose was excreted as free 2-hydroxylaminobenzoic acid, but none was excreted by rabbits, 2-Hydroxylaminobenzoic acid cyclized to give benzisoxazolone which was present in larger
